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INTRODUCTION

Various system approaches were considered in an effort to
obtain the required improvement in accuracy for the H-229A Photo-
graphic Rectifier. Two problem areas are chiefly responsible for
limiting accuracy: the cathode ray tube, and the X-Y-Table servos.
Solution of both problems requires exceeding the existing state-of-

the-art,

The systemn approach chosen utilizes the best of the current
state-of-the-art advances in CRT design without requiring a lengthy,
expensive research program. The error analysis for this portion of

the system is based upon this assumption,

Errors introduced by the servo's can be reduced by minimizing

one of the worst error contributors, friction. This will be accom~

plished by supporting the table on air bearings.
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Y AXIS READER TABLE ERROR

1. Up and Down Register

Bit weighting of the least significant figure (bit) . 0001 of inch
is equivalent to 12, S,u,_

2. Computer Transformer

Themanufacturerspecification of the computer transformer is
+ 1.

3, A, C, Switch

Switching transients in the serniconductor AC Switching circuit
were minimized to + 2 error by introduction of a filter,

4, Inductosyn
The high accuracy positioning transducer (linear Inductosyn) con-
tributes 2.5 i\ error according to the manufacturer's specification.

5. Inductosyn Thermal Expansion

The material has a coefficient of expansion which contributes
+ 1. S/u_. error if the temperature is being held with _tZOC at room
temperature.

6. Sarvo Poaitioning Error

The static or dynamic error of the table positioning servo is
14/‘;\ due to first and second order effect, which are; friction

dead gone, non-linearity, stability, noise, acceleration loop, ete.

7. Rate Generator

The proposed rate generator with + 1 count acéuracy contributes
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Y ~XIS READER CRT ERROR

1. CRT Geometry Error

In the mathematical error analysis of the cathoda ray tube the

translation was introduced-as an additional error source, The

ST4

derivation was based on previous error

analysis,

7/

&I

 /

ke

Figure 1.

Notations:
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a = half scan width

Q@ = deflection half angle

¥ = translational half angle

c = translat’ional half deviation

a' = half deflection distance with translation

x' = programmed amplitude (half deflection distance)

x = deflection distance

Derivation:

Theoretically the sine of the deflection angle of an electron path from
the ideal center of the tube is proportional to the magnitude of the de-
flecting flux of the yoke. Since the deflection flux in a uniform field is
proportional to the current, the sine of the angle is proportional to the 7

current.

Another error contributor is the optically flat face of the CRT, where the

spot deflection distanceis proportionaltothe tangent of the deflection angle.

~

Now by introducing translation, additional error should be considered.
The two deflection components are not independent of each other.

Therefore we can write the following:

‘ . . -l X
X = I . SS9 —~ S Car ("a') ()
A I max siva emax s tan"’(ﬁ\_)
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X
=
X 1> 2 2
- i1+ () - xV d* + a . (2)
5= 2
o ‘{V a* + X
(w U B X
Vi (%)
z 2
4 1 d_ -+ a
- ... (3)
Y d*+ x*
P = tan (..E:C) (4

L= d sec tan'l(_i-) L (5)

t

oL
o= a sec Lan (—3—) .. 16)

introducing translation a becomes a'

V AT+ oF sect (‘.‘ara_’(‘fr}'_

]
AX = X—X= X | e 7
T 4>+ x*
where )
AX is the error in microns
2 X e 2 -Tre
Aﬁr%eQFxr 287 - CIA: 040091130 & 4.
‘ [ d*+ x* L
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Differentiating the above equation and setting the first derivative equal

to zero will give the value of x which produces peak error.

—

d'(Ax)-"X a Ydfwa.z.;u."tm"(é\_l + Td.z+ a."se.c,"‘twu"(ﬁl_' d X
aN X T L ] —1 A%+ a.x
-' "
z z 2 "‘_C_ _L(d_z+x‘)/2 T T T —~ayara
____X_d,+u. Seu{au(&)g_ 2x +_]cL+o,su +ou. ‘3:’ o
’ d¥r x¥ N i at+ X
‘ 1+ z S-eblt -t ¢
N A + &
| -
_1 dl 7 1_{: »v(c l(d‘2+,‘1)—l
+ x| - + o sectan () = L 2X
&1 + KL ...(9)
_ "rdl't‘ @ st ‘(:‘m."(-i') ~1]- :
N odr+ x*
3 T 1 2 -t . i - |/2'
| 2x 1 4%+ o sec” tou (-i—) (o\ + X )
Z dk .'-. Kl
-{ (i.l‘(’ a? Sacl {Du\...(é’.'j _ ‘ . xt :1 0\1+ o 5@(,"—}%‘"-‘:. @)
T d*+ «° (= v ™
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‘ d}-}o} sec ta\:' (ac;) [ﬁxl]-(dﬂxl) _/zx'lg A &tsecth“(ﬁ-} 20 ...

| dr sean (&) = (7 k) ey

1 z -
d.‘z:r-)(z- A 4 & sec tan () R ¢ ¥
. 34
2 Z '('C
)(lzr- dz o Sec 't-o.u (—‘I-) L aw
‘ 3 dT
—_ B
X:j—é—- o Sec tawn (f_) N I § 1Y
3 d

Since o = L %

Therefore

!
a

a = — | d¥4 "
d ... (18)
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Therefore Ax is maximum when

mwl+6%r

X= rg— | ..

Now to find the average value we have to simplify JAY'S from Equation (2),

Ax= x

-_ ...(19)

JAY'

i
X
No
>
N

24*

2 z
AXx = X (" — x ) T 7.1/ 0
2 d*

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3




R

Apdroved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3 |~ ~ ST]
PREPARED BY. pace_. 10 _
CHECKED BY__.__ jos. . 4371-01

- ENGINEERING REPORT
oate. 7T=16-63 | serour 126542

Substituting a' = a sec tan '1(

i

2 YR - c _ 2
Ax = 2. & _Sec tan (3-') X (21)
X= 7
d.l
q"‘
~ Ax dx -
Ax‘.wm.age: ° ~ - C e e e e el (22)
ax
ﬁ—' 2 2 M c r N
a’ se Ean - X
[t
= ° d o (23)
a.i
A X
[»] . .
“l,e a a
ol set tam (T) f X dx - ___‘____‘f XS g
- 2d? o 24 J, _ 24)
) - '
A -t ,
X GLZ Gecz'to.h (-&-) _ X4—
4 d* ga*
3 2 -lrc
Ax&vua = o e tan (‘i) - G e e (28)
' * § 42 |
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‘Since minimum error occurs at 1.1 magnification, summarization of

the result was based on 0,6:1, 4:1 and higher magnificationas,

Using the above equations (8), (17), and (25) the values shown in the

table on page 12 were obtained.

Conclusion

From the result of the analysis it is obvious that most error occurs

at 4:1 magnification and at the 0. 6:1 reduction., During further system
analysis the value of + 7.5 error is being used which has been derived

with maximum translation.

Note

The numerical values were based on a long ''neck' CRT where

d = 9,3 inches and the use of high precision deflection components.
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TRANS- !
LATION FLAT FACE DISTORTION AND SINE
HALF é RELATIONSHIP ERROR IN MICRONS
WIDTH
A A
g | PRINTER | PRINTER | RE/DER PLATEN
" lin inches : CRT p}:‘tj’”TEIiJ 0,6:1 4:1 15:1
9. 750 191 31.8 - 7,9 { 2.1
Ax maximum lr - R VS u—«..-J;—-m-w-_-....._.,.,,,_,, SRR N ap—,
1.000 193 32,2 . 8.0 | 2.2
S SRR N —
0.750 135 22.5 . 5.6 | 1.5
A-X average § - T
J; 1.000 136 22.6 - 5.7 | 1.8
i . |
AX average | 1.000 27.2 4.5 7.5 - .
) e | | ,
: !
! ; !
1}
% Value of a = 0,900
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2. Sweep Register

Using a 13 bit up and down register calibrated for 3 inches full
reglster, the resolution of the least significant bit will be equal
to the full register sweep lengthlzlz of .00073" = -—-6—-- = _4_-_3)4. .
The register will recognize both parallel (shift register) and
serial (rotation rate) inputs to + 1 count,

3. Rotation Rate Computer

The rotation rate computer must provide serial up-dating to the

sweep register within + 1 count between check intervals, which

is equivalent to + ., 00073 inches 22‘ 2 . +3 M-

4, Sweep Servo

CRT sweep length shall be controlled by an instrument servo
systemn, The error due to the shaft positioning transducer

resolution and to the firat order effect is*1.5 ,uL .
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Y AXIS PRINTER TABLE ERROR

-~

Inductotzn

The error contribution of the linear Inductosyn according to
epecification of the manufacturer is + 2.5 ).L

Inductosyn Thermal Expansion

The material has a coefficient of expansion which contributes
+ L 5/». error if the temperature is being held with + 2°C at
room temperature.

Servo Positioning Error

Due to the first and second order effects that positioning

digitized servo contributes + 4 }}.error.
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X AXIS READER TABLE ERROR

Up and Down Register

Bit weighting of the least significant figure (bit) . 0001 of inch
is equivalent to +2.5 Jo

Computer Transformer

The manufacture specification of the computer transformer is

;l-_l)-\..

A, C, Switch

Switching transients in the semiconductor AC Switching circuit
were reduced to + 2 4. error by introduction of a filter.
Inductosyn

The high accuracy positioning transducer (linear Inductosyn)
contributes:2. 5M error according to the manufacturer's
specification,

Inductosyn Thermal Expansion

The material has a coefficient of expansion which contributes
+ 1 5)1, error if the temperature is being held with + 2°C at room

temparature.

Servo Positionin&Error

The static or dynamic error of the table positioning servo is + 4 ot

due to first and second order effact, which are: friction dead zone,

non-linearity, stability, noise, acceleration loop, etc.
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~ to the full register sweep 1ength/212 or ,00073" = —=— =+ 3L .,

Rate Generator

The proposed rate generator with + 1 count accuracy contributes

_4_-_2. 5/“ error,

X AXIS CRT ERROR (READER)

CRT Geometry

Using the result of the previous derivation the error is +1.6 m .

Sweep Register

Using a 13 bit up and down register calibrated for 3 inches full

register, the resolution of the least significant bit will be equal
18.5 _

The register will recognize both parallel (shift register) and

serial (rotation rate) inputs to + 1 count.

Rotation Rate Computer

The rotation rate computer must provide serial up-dating to the

sweep register within + 1 count between check intervals. Which

= r3 i

is equivalent to + .00973 inches

~
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X AXIS PRINTER TABLE ERROR

1. Inductosxn

The high accuracy positioning transducer the linear Inductosyn
contributes 2, 5)&, error according to the manufacturer's specifi-
cation.

2. Inductosyn Thermal Expansion

The material has a coefficient of expansion which contributes 4
+ 1. 5u error if the temperature is being held with 2°C at room
temperature,

3. Servo Positioning Error

By positioning the table in half inch steps so called stepping

servo system contributes i 2. O/U- error.

Summa ry

The syetem error for the X and Y Table was thoroughly evaluated and

summarized in the following table:
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ERROR IN MICRONS
ERROR o S
CONTRIBUTORS X AXIS Y AXIS
actual square actual square
" [Up and Down Register | +2.5 | 6.25 12.5 6.25
2 [Computer Transformer| + 1.0 1. 00 + 1.0 1. 00 5
— RN .S & a
3 |A.C. Switch +2,0 4, 00 +2.0 4.00 S
.4 {Inductosyn + 2.5 6.25 +2.5 6.25 E}
SR Ui R N a
Inductosyn Thermal B
> Expansion £1? 2.2 1> 2.23 &
6 |Servo Positioning +4.0 16. 00 +4.0 16. 00
7 {Rate Generator +2.5 6.25 +2.5 6. 25
8 {CRT Geometry ot 1.6 2, 56 + 1.5 56. 25
e DN SR e
9 [Sweep Register r 30 9.0 3.9 9.0
e PRV 7 S NN ;;1 B R TTA ST uss: SURFNNEDUNEINNPSPET SRV S ——— |
10 jRotation Rate Com. 3.0 9.0 r30 9.9 f
e - M
11 }Sweep Rotation 0 0 0 0 ©
12 {Sweep Servo 0 0 + 1.5 2.25
13 {Inductosyn +2.5 6.25 +2.58 6.28 o
SR SN AU SR S T it g 9
14 |Inductosyn Thermal Exj  + 1.5 2.25 +1.5 2.25 |zo
IS . [N . E <
15 |Servo Positioning +2.0 4.00 | +4.0 16.00 | &
TOTAL 29.6 65, 56 39,9 143, 39
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Peak Error at Y Axis: 39. 1
RMS Error at Y Axis: 1L 9
Peak Error at X Axie: 29,6
RMS Error at X Axis: 8,1 m

TOTAL SYSTEM ERROR

Peak Error: 49, }L

~RMS Error: 14, 4 }w
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1.2 Scanning Method

The H229 method of oblique rectification by scanning is
illustrated in Figure 1.2. The print is exposed in a pattern of
contiguous line and strip scans. The rates and amplitudes of all
printing scans are constant to insure uniform print exposure,
Reading scan rates, amplitudes, and orientations are programmed
in a pattern to produce the desired geometry in the uniformly
printed image.

Two coordinate systems are shown in Figure 1.2, The
natural coordinates (x,, yr» Xps yp) are formed by the principal
point of each image (as the origins) and the principal lines (as the
y axes). The machine coordinates (Xy, Yr, Xp» Yp) are displaced

from the natural coordinates and are related to them by a scale

factor,
’
The printing scan constants can be summarized as follows:
XPo - Scan starting position
AYP = ?)Yp - line scan length or strip centerline separation
fsw =~ line scan frequency (same for reading and printing)
g{ - Strip scan velocity
P
};Xp - Check interval

The last constant ?\Xp is the spacing between raster scan check

positions (X XpZ' X, 30 etc, ). These check positions are employed

ple P

by the H229 Photo Rectifier control system to improve image placement

accuracy.

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3



Approved For I(elease 2005/02/17 : CIA-RDP7BBO477(’A001400040001-3

X
Scan Line— A !r
{
! SN
L ; NRRY
R , S ot
Y-I-/ T — S | — 1 {*f } w= OBLIQUE NEGATIVE
Principal line - — 3 ; ! thibn
R SRR
- - b REEERENY
A Y
Scan Line_
AN v xp
\ oy, PRINT
——— - ! } - I . r—r! n-check point
— ! : “ , —3 number
== 7 R I B R
- . i i F— - 7
mom vt ‘ ‘ ) { i [
- = i : | i : H : :— "
P 7 g _:,:_lL;j T e R ; : T b= v
Principal Line _ =1y s l I b Loy | E::
== ! SRR R I
e e I | | [ cob F— 2 ¥
i s (s S S ; J i | LI oy
0 1 2 3 4 5 6 7 8 9 10 b
oy "o Xe
m scan number B SYP:—‘

Approved For Release 2005/02/17 : CIA-IZ?DP7SBO4770A001400040001-3

igure



Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3

1.2 Scanning Method (continued)
The reading scan variables to be programmed for a desired

image transformation are:

X, - starting and check positions

AY, - Y component of line scan (also strip width)
Xy - X component of line scan

Y, - interval between successive strip centerlines
9(1. - strip scan velocity

Reading scan parameters must be precomputed and punched in a
proper sequence on the operating tape. Synchronization with print-

ing scans and some computation are done in the H229 Photo Rectifier,

1.3 Image Transformations

Tape computation requires preliminary knowledge of the
analytical transformation between coordinates of,'t.:he original negative
and the desired print, Using the natural image coordinates (¥;,yr,
xp, Yp - sec Figure 1. 2) the relation between original and rectified
images are expressed in equations 1.1 through 1. 4.

Oblique Rectification

Xp = Xp . ‘“i‘ﬁ 1.1
sec t +yp sin t
mi
Yr = Yp/m 1.2
sect +yp sint
mf

-
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1.3 Image Transformations (continued)

Panoramic Rectification

Xr

1.3

J
2

yr= £ tan”! [y, ] 1.4

Paramecters in the above equations that must be known or determined
are:

f - camera focal length

m - isopoint enlargement ratio required

t - tilt angle

The above equations will describe most photographic rectifi-

cations likely to be made with this equipment. I[n general, the equip-
ment will perform any image transformation that can be expressed by

equations 1.5 and 1.6.

Xyp

xp « F1 (yp) 1.5

F, (yp) 1.6

H

Yr
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Rectifier Set-Up and Program Information

2.1 Film Annotation and Alignment

Rectification accuracy depends upon correct alignment of
a properly annotated negative in the H229 reading platen and precise
knowledge of the analytical image transformation. Fiducial marks
on the reading platen must be aligned with the principal line of the
photograph and its perpendicular at the edge. Figure 2.1 shows
four markings zequired on the original negative. to properly alizn
the Y, axis and the starting position Y, % -b + 5" on the platen, Twoi
measurements are required (distance b and k).

Dimension b in Figure 2.1 is the distance from the center of
the first strip scan (yp = -b) to the principal point y, = 0. The starting
position is the low oblique edge of an oblique photograph or as high as
65° from vertical on a panoramic photograph. Dimension k is the
approximate distance of principal point to the last strip scan center:
line,

Information required to generate the proper rectifying program
tape is

1. Type of photography (panoramic, oblique, other)

2. f - Camera Focal Length (+ 0.001 1nc£.)

3. m - Isopoint Enlargement Ratio { + 0.001),

4. t - Tilt angle (% 0,01°)

5. b- (see figure 2.1) (* 0.001 inch)

6. k- (see figure 2.1)

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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2.1 Film Annotation and Alignment (continued)

The tolerances indicated are those which will be practical within the

theoretical limitations of the photo rectifier if the accuracy of measure-

ment is achievable.

2.2 Photo Rectifier Machine Coordinate System

The numerical control system used in the H229 equipment
requires that all the X and Y positions on the original negative (or print)
are represented by positive numbers. This requires that the origin of
machine coordinates be displaced from the principal point (used as the
origin for expressing the image transformation - see equations 1.1 to
1.6}, Furthermore, X displacements of the image are made by lens
rather than film motion. This introduces a scale factor between coor-
dinates. The relation between film and machine coordinates is expressed

by equations 2.1 and Z. 4.

Xp = pxp +a 2.1

Yr=yr +b 2.2

¥ = 1 (Xp -c) 2.3
v

Vp = Yp -d 2. 4

where p = ..i_.g (exact ratio)

a=5.5
c=5.5
b - from annotation (see paragraph 2.1)

d calculation from b
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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2.2 Photo Rectifier Machine Coordinate System (continued)

The X and Y positions in the rectifier are numerically
encoded for negative and print., The negative film scan motion is
sychronized with the uniform printing scans by continuous compu-
tation (in the H229] of relative scan positions and by slaving reading
scans to computed positions and rates.

Figure Z.2 shows reading and printing platens with dots
representing center points of selected line scans performing a specific
image transforma tion. Starting at scan position Yp =0 (s = 0), a strip
is scanned in the + Xp direction. The first line scan, made at Xp =0
(n = 1) is followed by a set of line scans sweeping a strip. The starting
reading scan (Xr = 0, Yyg) is read from the punched tape at printer
position (Xp = 0, YPS). Subsequent reading scan positions are continu-
ously computed in the Photo Rectifier. For increased accuracy, the
reading scan position is checked by the machine using precompited
tape data at intervals 8Xp = 1/2 inch.

Using scan and check point numbers, the values of Xp and Yp
expressed in inches, are given by equations 2.5 and 2. 6.

Xpn = (n - 1)8X, 2.5
Ypn=z s éYp 2,6

From equations 2.3 and 2.4 printed image positions referred to the

principal point are

xon = 3 L= DX, - ] 2.

-1

YPI’I = 8 SYp‘d 2.8
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2.2 Photo Rectifier Machine Coordinate System (continued)

The value interval SXp is always 0.5000 inch. The value

of 3YP will be 0.5000 inch or less. The exact value of BYP is

determined by setting thelargest value of 8Y, equal to 0.5000 inch

if it exceeds 8Yp.

The H229 Photo Rectifier employs check points from {n = 1

ton = 21).

The number of scans S depends upon the length of the

rectified image.

2.3 " Punched Tape Program

Numerical Data required to program each reader scan in

synchronism with the corresponding printing scan is piven below:

a.

e,

8Y,.s - interval between the centerline of the (s - 1)th
reading scan and the Sth scan.
AYrs - Y component of reading line scans in the Sth
strip scan.
AXrg - X component of any reading line scan (in the
Xrs
Sth strip) divided by the displacement of its center
point from the principal line.. This constant for each
reading strip scan is used to compute the value a Xrs
in real time
% /3( - ratio of printing and reading strip scan
P Xr

velocities.

Xrs, n - instantaneous X, position of line scan centers

used for check points.
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2.3 Punched Tape Program (conti;med)

Five On-Off commands are also required from punched tape.
These are Register, Start Scan, Stop Scan, Stop Program, and Sweep
Aspect.,

Punched tape is read in the H229 Tape Reader in blocks of
5 x 10 hole positions. Each strip scan requires 22 tape blocks. Tape
block n = 0 contains all numerical constants for the scan, Tape blocks
n = 1 through 21 contain data for checking scan positions in 1/2 inch
printing scan intervals. The number n refereé to the check point
(figure 1. 2) and also the tape block containing the numerical reading
check point position. Since each scan requires 22 tapeiblocks (n=20
through 21) the total number of 5 x 10 hole position blocks in the program
tape is 22 x (s + 1) where s varies from 0 to S.

Numerical information in each Data Block (that is where n = 8)

is shown in Figure 2.3. Y, is expressed by four decimal digits; Y.

. » Axr
by an eleven bit binary nymber; and

by a fhine bit binary number.
Xr

In Figure 2.4 X, is expressed as a seventeen bit binary

o
number and Xp/o as a fourteen bit binary number.
Xr

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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2.3 Punched Tape Program (continued)

a. &Y g representation

The value of 5Y]—5 is expressed as a four place
decimal digit. Each digit is coded on the program
tape as a binary-coded decimal number. For

instance, #Yrs = 0.1068 inch it would be coded:

0001 first digit —__ ABLDEF GH
e
0000 second digit ~ -~ e |
- — D|Q
0110 third digit ~~ | ' | o

1000 fourth digit = R

O@\ﬁ«l(}“(ﬂ-@»wr)“

The value of §Yrg is the only decimally coded quantity

used,

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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.3 Punched Tape Program {continued

x b, AY g representation

The value of AY,., is multiplied by a scale factor
(3500). For instance, if AY_, = 0.09651 inch
the machine value would be & Y_, = 334 and would

be expressed as follows:

AY,. = 00101001100 units

ABCD_&FQH

frms g v

P= 1 : bl P
3 |0 N
4 -
5 o) jo L
e ©.0 t !
./ ( i
B . H ]
lo & . |L_ 1

C. AX,.g representation
Xrs

The value of AX_ is multiplied by a scale factor
Rr

(10,000). Consider the case where the maximum

occurs at a 65° viewing angle when Y, = 12 inches.

If the ratio Aer/er = 0,018, the machine value

is 180 expressed as follows:
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2.3 Punched Tape Program (continued)

S%rs . 010110100 units
*rs ABCDEF &M
i o]

i

!
, _

AR R 41 I S VR S e

<
-
bt

d. }'(Ps = %pg 1his value is multiplied by a scale factor

er Xrs
of 29 and 7 is subtracted from the product. Fdr instance,

i Xpe = 7.361, (27 x 7.361) = 7= 3669-7. Xpp, 19

X, . Xrm

represented in the tape as the binary namber 00111001001100

and is stored in a 14-bit recister,

.‘.'
i

4

-

A
}

N Jd5Tunesw
c

L

-~
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2.3 Funched Tape Program (continued)

e, er, n representation

This value is calculated from the equation:
Xrg,n ® WXpg pnt 2

where a = + 5.500 inches

25
28
This number is stored by the machine in a 17-bit

and p =

register. The numerical value of Xyg, ,, 18 expressed
as 213 machine units per inch. For instance, if
Xrg,n = 7.136, its numerical machine value is 58, 458
machine units and is expressed:

Xrg,n = 01110010001010110

ABCDEFGnH .
p-t| lejool |

i ,r* ol

ol ol 1o

=t o

P 1O) i

! ¥

; i

o8 »-sabd -
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Scan Check Point Row
Number Number Number
0% s8S 0 0

" 0 1

" 0 2

" 0 3

" 0 4

" 0 5

" 0 6

" 0 7

" 0 8

" 0 9

" 0< ng 23 0

" " 1

" " 2

1" f 3

" " 4

" " 5
" " 6

" " 7

" " 8

" " 9

Command
8Yrg
rs
8Yrs
8Y s

AYrg

AYrg

4Yrg

AXrs

Xrs

AXrs
Xrs

Bits Registered

18t decimal digit
2nd decimal digit
3rd decimal digit
4th decimal digit
210 through 26

5 1
2~ through 2
0

2

28 through Z4

23 through 29

Reserved for ON-OFF Commands

Xrs,n

Xrg,n
Xrs,n

er,n

Xrs/.

rs

X
ps /.
XI‘S

Xps /¥rg

Not used

Not used

216 through 212
211 through 27
26 through 2‘Z

2! th rough 20

213 through 29

28 through 24

23 through 20

Reserved for ON-OFF Commands
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Computation
3.1 General

Before a program tape can be generated, the rectification.
to be performed and the image size must be known. A The general

analytic transformation to be performed is as follows:

Xr xp . Fl (Yp) 1.5

¥r

It is defined by

1. Type of photography

2. Camera Focal Length

3. lIsopoint Enlargement Ratio (from altitude)

4, Tilt Angle (in oblique photography)
The boundaries of the image are established by the printing platen
size (94 inch film) and

1. m - Isopoint Enlargement Ratio

2. b - Starting position distance of Y, axis from principal

point
3. k - Approximate end point distance on Y, axis from
principal point
Before tape program computation it is also necessafy to know:

l. 3}Xp - check point interval = 0, 5

2. BYP - printing strip width
3. N - number of check points 0% n & N = 21
4. 5 - number of strip scans required 0 { s 5 §

5. d - starting point on Yp axis

6. g =1 High Operating Speed
Approved For Relehzen2@95(02417r: LHROP78B04770A001400040001-3
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3.1 General (continued)

7. "AY,. scale factor - 3,500 " :

B. - Axr/xr scale factor - 10, 000

9. a - Xr starting position 4
10. c - Xp starting position

Values determined by the H229 Photo Rectifier design are:
8Xp = 0,5000 inch

N = 22 that is, n varies from 0 to 21

5.5 inches

j*H
i

c = 5.5 inches

Values to be determined by preliminary calculations are SYP, S, d, q.

The logiwal structurc of program computation and tape readout
also requires knowledge of the sequence of logical and numerical

commands, See Section 3. 3.

3.2 Preliminary Calculation and Subroutines
Formulas for preliminary calculation are determined by
the equations of rectification (equation 1.5 and 1. 6)

Calculation of SYP

Panoramic
8Yp = 0.5000 inch if m ® 1
-1
8Y, = 2F,  (yr = 0.2500 inch) if m< 1

-1 -
Note F, " and F; 1 used for inverse function)

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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2 Preliminary Calculation and Subroutines (continued)

Calculation of SYP

Oblique

by, = F; ! (b + 0. 2500") -Fz'l (-b - 0.2500'")

or 0.5000 inch, whichever is less,

Calculation of S

: -1 -1
S = Modulate F, (k) - F2 ! (-b} to next higher

number

Calculation of d

-1
d= -FZ ("b)

Calculation of g

q = 1 (High Speed) if m = 2

q= 2 (Low Speed) if m €2

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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3.2 Preliminary Calculation and Subroutines (continued)

Preliminary and program computation involves calculatioﬁ
with functions that will be required computer subroutines., Using
equations 1.5 and 1.6, the tape data computation will require use
of the following equations.

Equations for Program Calculations

1. SYrS= SFZ [s SYP-dJ -F> [(s-l) &Yp-d]} 3(1014

L
where 8Y, = 0

Calculation accuracy - to nearest wholé numiber:

2 AY _ = [30 506} X [Fg g‘s +3) &Yp - d} -F; {(2 -3 &Yp - d}ﬁl

Calculation accuracy - to nearest whole nimber

i . “©
” "[m,ooo fx Fy {(S+%) SYp-d}_-Fl{(s-é)sYp-dg
L | F1 Ss 8Y, - d}

Calculation accuracy - to nearest wholﬁ number

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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3.2 Preliminary Calculation and Subroutines (continued)
Equations for Program Calculations
4, x.(n, 8)= K(n‘- 1) BXp -cl x {Fl (s pr - d)} -a]x 213

Calculation accuracy - to nearest whole numbgr

5. x-z -
B Fl 3Y, - d]
) [ 3

Calculation accuracy - to nearest whole humber.

The scale factors shown are required for the coding used for
numerical registers in the Photo Rectifier,

The required calculation will use the following functional

subroutines:
1. x5 = (n - 1) 8x, -
" .
2. yp = 8 BYP -
3a. F (YP) = -—lr;-)— Panoramic
1+ (yE )3
mi
1
3b. Filyp) = Y
Sect T vy e Oblique
8s1n
mi
4a. Fo(yp) = Ftan-1 (y)) Panoramic
m.I
. Y
P
4b' FZ(YP) * ‘1'{1 cos t Obllque
sect + *¥p sint '
mi

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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3.2 Preliminary Calculation and Subroutine® {continued)
-1
5a, Fo, Ay r) = mf tan (y ) Panoramic
T
-1 my sec t
5b. FZ (YI‘) = tlf. e —
Co8 1 - VYr gint Obligue
f

On-Off Cammand logic inust also be programmed into automatic
computations. ‘In terms of check block number {n), scan number (s)

and tape block row number (p) the logic of these commands is given

below.
Machine Command Logic
Command Logic
9A {register) Ifn=0and p=9
9B (Start Scan) Ifnx1landp=9
9C (Stop Scan) Ifn= 2], andp=9
9D (Stop Program) If n= 21, p= 9, ands = S
9E (Sweep Aspect) If n= 0, p=9, and AXr is negative
Xr
3.3 Computation Sequence

The sequence of program computation and tape punch is
described by the machine operating program (section 2. 3). This

sequence is collected on the following table.

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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COMPUTATION AND TAPE PUNCH SEQUENCE

- 2bc
26d

nx2], p9

n=2]l, s=8, p=9

Punch stop scan (9c¢)
Punch stop program (9d)

Step Command Operation Store
- b shubislsbissiaben e b
1 Start Clear s, n, & p counters
2 nm0, p=0 Compute 8Y .4 Register &8Y,.g
3 Reg 6Yrs Punch 1st decimal digit p+1l
v 4 n=0, p=l Punch 2nd decimal digit p+1l
o 5 nx0, pm=2 Punch 3rd decimal digit p+1
. 6 n=0, p=3 Punch 4th decimal digit p+1l
& 7 n=0, p=4 Compute AYIB ) Register AY .4
g 8 Reg.AYrs Punch bits 2'Vto 20 p+1
o 9 n=0, p=5 Punch bits 23 to ,l p+1
" 10 n=0, p=6 Punch bits 0 p+1 -
‘ 11 n=0, p=7 Compute AXy | Register |AXy
v ~ i Kris r|s
: 12 Regp _ ° - Punch bits 2% to 2 p+1
e L Xr s
13 n=0, P=8 Punch bits 23 to 20 p+1
14 n=0, P=9 a., Punch reg. command 9A
b. Punch sweep ascpect (9E) p+1, N+1
If AXr. is negative
Xr
r":::‘ 15 n%0, pw0 Compute X, (8, n) Register X, (s, n)
‘,é g 16 Reg. Xr (s,n) Funch bits 210 ¢0 212 p+1
23 17 n#0, p=0 Punch bits 211 to 27 p+1
2 o 18 n¥0, p=2 Punchk bits 2° to 22 p+1l
8 19 n%0, p=3 Punch bits 21 to 20 p+1 o
T 20 nk0, p=4 Compute | o Register | &
£ * X ]
[ | —— 10
e ¢ o X
ir, _! L Xr ’S - —
o] i
N W 21 Regl ng Punch bits 21 3 to 29 P+ 1
- o
g o0 RS g
iii 22 n40, pu5 Punch bits 2° to 2% p+1
399 23 ng0, p=b Punch bits 23 to 20 p+1
w @0 24 n¥0, p=7 p+1
533[3 25 nk0, p=8 p+1
t A 26a n=1l, p=9 Punch start scan (9B) p+1l, n+1
26b l<n <21, p=9 p+1, n+1

P+l,n+1, ¢ +1
Stop computer
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3.3 Computation Sequence {continued)

A general flow diagram for the automatic computation is
shown in Figure 3.1. After data|for rectification of specific negative
is stored, computation is started. Counters n and s are set to zero.
Counter n is cyclic,

Preliminary computation is accomplished by interrogating
storage for data required and through the proper subroutines. After
preliminary calculations, scan program calculation is started. Cal-
culation and tape punch is made for n =0, 5 = 0., When the first data
block has been punched the n counter is stepped and the first check
biock is computed. After each check block the n counter is stepped
and the routine is repeated.

After 21 check blocks have been punched (the n counter is

full), the S counter is stepped and the next scan block set computed.

3.4 Sample Programs

Three test program tapes are used to check out the Rectifier;
two enlargements (1:1 and 4:1) and a panoramic rectification. Data for
these are given below:

1. 4:1 Enlargement

Oblique transformation
f = 6 inches
m = 4

t =0 aegrees of arc

b = 2 inches

k = 2 inches
Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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3.4 Sample Programs (continued)

2. 1:1 Emnlargement
Oblique Transformation
f = 12 inches
m= 1
t = 0 degrees of arc
b= 9 inches

kx 9inches

3. Panoramic Rectification
Panoramic Transformation
f = 3 inches
m=x 4
b = 3,405

k = 3.405

4, A degirable Oblique rectification is oblique

transformation.

f= 6 inches

m= 1
21 degrees of arc
b = 4.5 inches

k= 4,5 inches

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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Film dannota.tion Start
ata Computer
Drum ; *
Storage Set Set
s-counter n-counter
' Y
Y Interrogated from rgutines
Pre-Punch
Computation
Routine
Start
—— Scan
Program
Counters l
Data
Routine — To Tape Punch
Subroutines
t | L
Interrogate
Start
Read ; Check -—w= To n Counter
(To and from Routine
routines) l
j Check —*= To Tape Punch
Routine —w= To 8, n Counters
T e e - Stop
Computer

FLOW DIAGRAM OF H229
TAPE COMPUTATIONS AND PUNCH
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4.0 Appendix

Symbols Used

Xry ¥r
*pr Yp
Xry Yy
XP' Yp
AYP
LAYy
AX,

3y

BY ¢

natural image coordinates, negative

natural image coordinates, print

Machine platen coordinates, Reader

Machine platen,coordinates, Printer

Printing line scan width

Reading line scan, y component

Reading line scan, x component

Distance between adjacent printing scan centers
Distance between adjacent reading strip centerlines

Check point spacing

Strip scan rates

Check point (or tape block) number
Scan number
Enlargeranent ratio
Camera focal length

tilt angle

arbitrary functions

Yr and y, axis separation
X, and xy axis separation
YP and Yp axis separation
Xp and X axis separation

X, x scale factor

Approved For Release 2005/02/17 : CIA-RDP78B04770A001400040001-3
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This re-.ort contains and .dscusses the various equations require. tor
ima ‘e transforrnation in the H-229A Photozraphic Rectifier. The required

computations fall ints two catezories: (1) 'ransformation of Coor 1nates,

N
~
2 and (2) Control Com .utations. The coordinate iransformation equatiuns in-
o1 t~
— it ) .
0 cluled herein v.ill correct c¢istortions ‘iue to panoramic ceffects, til, swing,
o o~
zZ .
) Ly and rotation.
¢ 3
&l l‘” TRANSFORMATION OF COORDINATES
A Magnification
Xo - X (1)
I
-
Yo - YE) (‘3-)
’ l[TQ
Where: Ap, Yo = Printing Platen Cocoriinates
Xo, Yo = Reference Plane Coordinates
> Origin = Principal Point
Xaxis = Piiacial Line
. m = Manification
Bl Reference Plane Transformations
_ Xrf - 6){ = X0 cos T_C“S 5 - Yo sin S (3)
I sec‘]"% Xo sin -
T
vrf - §y = _Xo cos Tsin S+ Yo cos S (4)
sec Lo sin O
f
Where: Xrf, Yrf = Rea ia2 Platen Coor-tinates for
Feramines Photo raphy
STAT
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o~ = Tilt angle

S = Swing Angle between principal line ans fiducial maris.
f = focal len-th

8 = Jisplacement due to Ima e Velocity (See follawing

transformations)

NOTE: Compute Equations (3) an.. () assuming 5x ;gy =0 Lo urtamn
a first approximation of Xrf, Yrf for use in the succeeding

equations. Successive approximations can be ma e until the ) 2

desirec accuracy is achievea.

B2 Image Velocity Displacement

6 X = v T

!

[

cus 42~ Ccos ; COS 5 - sin-e= sin S (=)

secQet  Xo h§}f<7~
f

COs - cos?"sin S + sin-e cos S (6}

sec 7“4 *E\E ‘s;‘i n ‘-7-«
f

Where: T = Krf or Yrt in framineg cameras

vs Vs

T = tan 1 0 .rfl‘ in panurarnic cameras

Ws -
4~ Angle between the aircraft's course and the princi .al line
A% = Aircraft velocity alony the course
El - Aircraft Altitude
VS = Velocity of focal plane shutter curtain
Wi = Angular velocity of panoramic shutter
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C. Framing tec Panoramic Transformations

Xrf _
Xrp = — - (7)

i
V1o (ref) ©
f

Yrp = fran "1 _Yrf (8)
f 4
Where: Xrp, Yrp = Readinz Platen coordinates for

.panoramic photography.
NOTE: Compute equations (7) and (8) only when dealingz with Pancramic
Photography.
CONTROL COMPUTATIONS

Once cuvor.inate trnasformations have been made, additional computations
are necessary to obtain control data for the H-229A rectifier. Thesc¢ compuia-
tions involve algebraic manipulation of the transforme . coordinates tc define
the ;osition and velocity of the X, Y table and the length and rotation of the CRT
scan.

Figure 1 is an enlarged sezment of a panoramic chotugraph. The serment
shown is bounded by transformed coordinate oints Xrl, Yrl throu h Xré, Yré.
Prior to transformation the four corner points cefined a one half inch square on

the reading platen.
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ol CONTROL COMPUTATIONS
""" 1
| AXr - Xr3 - Xrl (9)
~ A Yr vr3 - Yrl (10)
+ ™ 5 ;
~ b Axr _AXr3l - AXrod Xr3 + Xr4 - Xrl - Xro (11)
Average - - e
. o é Xy Xré - Xro> Xr2 - Xrb
@]
- > d
g ¢
o 9 SA‘{'x VARSI | A v rbd Yr3 + Yr4 - Yrl - Vro (12)
Ll Average - = - T e
§ x-. Xr2 - Xro Xr2 - Xrs
6 Xr * . -
Average 2 X_ = "% (xr2 - Xr») (L3)
9 6 Xp : x
| - B
6 Yr R | -
Averane r=-—— (Yr> - ‘r2) (14)
& & X X
.
>l Where: Xp is a wre-determined constant,
Xr.,, Yr, aretra sformme . cuor .1 ates
GENERAL INFORMATION
The rintin  laten in the H-229A Rectifier is a proximately ten inches
V square. Along one axis it is rule. off in 1/4 iach intervals arni 1,2 inch in-
tervals in the other axis. This defiues approximately 300 coorvirvate points
(20 x 40) in the printin: platen., For any -iven rectification, each :{ the
printin: plater coour.inates must be transforme . by the computer uito equivalent
rea :in- platen coor .inates usin: equations 1 throu h 8.
The priating platen may be considere: as consistin of 400 vie half inch
STAT _ ‘ . _ A
squares each bounded ny a set of coor .inate points. Rectification of thcse
: | Size |
Approved For Release 2005/02/ P ; 001-3
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squares is performed sequentially with one half second required for each
square. The computer must, therefore, compute a new set of Control Data
frém equations 9 through 14 each one half second.

If the computer is fa.svt enough, it is desirable, but not essertial, that
all computation be performed on-line. In this mode of operation it will be
necessary to transform 6 coordinate points (12 coordinates) and then per -
form the control computions each 0.5 seconds.

The computer may, on the other hand, pre-compute the transformed
?:odrdinates off-line and load them into memory for the control computa -
tions which would be performed on-line. In this mode, however, the
precorxjput:;.tion time must not exceed four minutes and all of the 800
coordinate points (1600 coordinates) must be computed beforer control
computations are begun.

Input of program constants such as focal length, tilt angle,velocity,
etc., to the computer will be in decimal form with seven significant dijits.

Computer output is to be in pure binary form and both coordinate transfor-

~ mations and control computations must be solved to the fifth decimal place.

The range of numbers resulting from solution of coordinate transformation

equations will be 0.00000 to 13.99999,
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TECHNICAL MANUAL - H229 PROGRAM PREPARATION

Introduction
1.1 General

This document contains programming instructions for the

H229 Photo Rectifier, Programming a rectification includes

computation of set-up data and punching the program tape. This
discussion is intended for the H229 equipment operator as well as

computing personnel,

The H229 Photo Rectifier {frontispiece) is a photo-

graphic printer that exposes the print in a sequence of line and strip
scans. Variation of the image reading pattern with respect to the
printing pdttern permits geometrical changes in the image. The control
and electro-optical systems are the basic and unique function in this
photographic printer. Figure 1.1 is a block diagram illustrating equip-

ment functions in the rectification of a panoramic photograph.
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